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PHOTOSENSITIVE MATERIAL AND
METHOD OF PHOTOLITHOGRAPHY

BACKGROUND

The semiconductor mntegrated circuit (IC) mdustry has
experienced rapid growth. Technological advances in IC
matenals, design, and fabrication tools have produced gen-
erations of ICs where each generation has smaller and more
complex circuits than the previous generation. In the course
of these advances, fabrication methods and tools been devel-
oped to realize the desire for smaller feature sizes.

Lithography 1s a mechanism by which a pattern i1s pro-
jected onto a substrate, such as a semiconductor wafer, having,
a photosensitive layer formed thereon. The pattern may be
introduced by passing radiation through a photomask.
Though lithography tools have experienced significant
advances 1n achieving the desired line width of an 1imaged
clement, further advances may be desired. For example, the
photosensitive material employed may lack sulficient con-
trast between exposed and non-exposed areas. Thus, the fidel-
ity of the resultant pattern may be affected.

Thus, what 1s desired 1s a method and photosensitive mate-
rial that provides for contrast between the exposure and non
exposure areas ol a photosensitive layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the accom-
panying figures. It 1s emphasized that, in accordance with the
standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the various features
may be arbitrarily increased or reduced for clarity of discus-
S101.

FIG. 1 1s a cross-sectional view of an embodiment of 1rra-
diation (also referred to as exposure) of a substrate to a pat-
terned radiation beam.

FIG. 2 15 a cross-sectional view of an embodiment of the
substrate after the exposure of FIG. 1.

FI1G. 3 1s a method of patterning a layer of a substrate using
one or more aspects of the present disclosure.

FIGS. 4, 5, and 6 are embodiments of units which may be
attached to a resist polymer according to the present disclo-
sure.

FI1G. 7 1s an embodiment of a resist polymer according to
aspects of the present disclosure.

FIG. 8 1s an embodiment of the resist polymer of FIG. 7
after development.

DETAILED DESCRIPTION

It 1s to be understood that the following disclosure provides
many different embodiments, or examples, for implementing,
different features of the invention. Specific examples of com-
ponents and arrangements are described below to simplify the
present disclosure. These are, of course, merely examples and
are not imntended to be lmmiting. For example, though
described herein as a photolithography method configured to
fabricate semiconductor devices, any photolithography
method or system may benefit from the disclosure including,
for example, for TFT-LCD fabrication, and/or other photoli-
thography processes known in the art. Moreover, the forma-
tion of a first feature over or on a second feature i the
description that follows may include embodiments in which
the first and second features are formed 1n direct contact, and
may also include embodiments 1n which additional features
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may be formed mterposing the first and second features, such
that the first and second features may not be 1n direct contact.
Various features may be arbitrarily drawn in different scales
for stmplicity and clarity.

[lustrated in FIG. 1 1s an embodiment of an exposure
system to subject a substrate to a patterned radiation. FIG. 2 1s
an embodiment of the substrate of FIG. 1 after exposure and
development processes. FI1G. 1 1llustrates a photomask 102, a
substrate 104, and a photosensitive layer 106 disposed on the
substrate 104. Radiation 1s incident the photomask 102 and
patterned by the photomask 102 providing radiation 108 1nci-
dent the photosensitive layer 106 and blocked radiation 110.

Photomask 102 may be any mask type such as, a binary
mask, a phase shift mask, an attenuated phase-shift mask
(Att-PSM), an alternating aperture phase shift mask (Alt-
PSM), a chromeless phase shift mask (CPL), and/or other
possible mask types. Photomask 102 may include a substrate.
The substrate may be a transparent substrate such as fused
silica (S10,), or quartz, relatively free of defects, calcium
fluoride, or other suitable material. Attenuating material may
be disposed on the substrate; the attenuating material may
include chrome or other materials such as, for example, Au,
MoSi1, CrN, Mo, Nb,O., T1, Ta, MoO,, MoN, Cr,O,, TiN,
ZrN, T10,, TaN, Ta,O., NbN, S1;N_, ZrN, Al,O,N, Al,O;R,
or a combination therefore. The photomask 102 may include
one or more areas of etched substrate, such as provided by an
HF etchant. In other embodiments, the photomask 102 1is
omitted and a pattern 1s introduced to the photosensitive layer
106 using other technologies such as electron beam or 10n-
beam lithography.

The substrate 104 may be a semiconductor substrate. In an
embodiment, the substrate 104 is silicon 1n a crystalline struc-
ture. In alternative embodiments, the substrate 104 may
include other elementary semiconductors such as germa-
nium, or includes a compound semiconductor such as, silicon
carbide, gallium arsenide, indium arsenide, and indium phos-
phide. The substrate 104 may include a silicon on insulator
(SOI) substrate, be strained/stressed for performance
enhancement, include epitaxially grown regions, include 1so-
lation regions, include doped regions, include one or more
semiconductor devices or portions thereof, and/or include
other suitable features and layers. In an embodiment, the
substrate 104 1s typical of a CMOS process technology. How-
ever, though processing a substrate in the form of a semicon-
ductor waler may be described, 1t 1s to be understood that
other examples of substrates and processes may benefit from
the present imvention such as, for example, printed circuit
board substrates, damascene processes, and thin film transis-
tor liquid crystal display (TFT-LCD) substrates and pro-
Cesses.

Photosensitive layer 106 (also referred to as photoresist or
resist) 1s disposed on the substrate 104. In an embodiment, the
photosensitive layer 106 1s chemical amplified photoresist
(CAR). In an embodiment, the photosensitive layer 106 1s a
negative type resist material. The photosensitive layer 106
may i1nclude a polymer and a photoacid generator (PAG),
which provides the solubility change to the developer. The
photosensitive layer 106 may be formed by processes such as
coating (e.g., spin-on coating) and soit baking.

The photosensitive layer 106 may 1nclude a polymer with
one or more groups or chemical branches extending from
(linked to) the polymer. The polymer may include any num-
ber of carbons coupled 1n a carbon chain. One example of a
polymer that may be included 1n the photosensitive layer 106
1s provided 1n FIG. 7.

In an embodiment, the groups or branches extending from
a polymer of the photosensitive layer 106 may include
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approximately 50% or greater acid labile groups (ALG), such
as ALG 400 described below with reference to FIG. 4. In an

embodiment, the groups or branches extending from a poly-

mer ol a photosensitive material may include approximately
55% ALG, such as ALG 400 described below with reference

to FIG. 4. In an embodiment, the groups or branches extend-
ing from a polymer of a photosensitive material may include
approximately 60% ALG, such as ALG 400 described below
with reference to FIG. 4. In an embodiment, the photosensi-

tive layer 106 includes the polymer 700, described below with
reference to FIG. 7.

FIG. 2 illustrates the substrate 104 and the photosensitive
layer 106 after development. The photosensitive layer 106
has been patterned to provide features 202 disposed on the
substrate 104. The features 202 include the portion of the
photosensitive layer 106 having radiation incident the photo-
sensitive layer 106. The features 202 are portions of the
photosensitive layer 106 that are more hydrophilic and thus,
more resistant to (negative tone) solvent developer. In other
words, the exposed polymer of the photosensitive layer 106 1s
not dissolved in the negative tone developer (also referred to
as anonpolar solvent developer), thus providing features 202.
The non-exposed area 1s removed by a negative tone or non
polar solvent developer.

What 1s desired 1s a manner to provide a sharper contrast
between the photosensitive material of the features 202 and
the surrounding photosensitive material 106, as 1llustrated in
FIG. 1. Thus, the fidelity of the pattern (e.g., features 202)
may be improved.

Referring now to FI1G. 3, 1llustrated 1s an embodiment of a
method of patterning a layer of a substrate. The method
begins at step 302 where a photosensitive layer 1s formed on
a substrate.

The substrate may be a semiconductor substrate used in the
formation of a semiconductor device. In an embodiment, the
substrate 1s silicon in a crystalline structure. In alternative
embodiments, the substrate may include other elementary
semiconductors such as germanium, or includes a compound
semiconductor such as, silicon carbide, gallium arsemde,
indium arsenide, and indium phosphide. The substrate may
include a silicon on insulator (SOI) substrate, be strained/
stressed for performance enhancement, include epitaxially
grown regions, include isolation regions, include doped
regions, include one or more semiconductor devices or por-
tions thereof, and/or include other suitable features and lay-
ers. In an embodiment, the method 300 includes steps of a
CMOS process technology. However, though processing a
substrate 1n the form of a semiconductor waler may be
described, 1t 1s to be understood that other examples of sub-
strates and processes may benefit from the present invention
such as, for example, printed circuit board substrates, dama-
scene processes, and thin film transistor liquid crystal display
(TEF'T-LCD) substrates and processes.

Photosensitive layer (also referred to as photoresist) 1s
disposed on the substrate using spin-on coating and/or other
suitable processes. In an embodiment, a soft bake 1s per-
tormed after the deposition of the photosensitive layer. In an
embodiment, the photosensitive layer 1s chemical amplified
photoresist (CAR). In an embodiment, the photosensitive
layer 1s a negative type resist material. The photosensitive
layer 106 may include a polymer and a photoacid generator
(PAG), which provides the solubility change to the developer.

The photosensitive layer may include a polymer with one
or more groups or chemical branches extending from (linked
to) the polymer backbone chain. The polymer may include
any number of carbons coupled 1n a carbon chain to form the
backbone chain. In an embodiment, the groups or branches
extending from a polymer of a photosensitive layer are
approximately 50% or greater acid labile groups, such as
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ALG 400 described below with reference to FIG. 4. In an
embodiment, the groups or branches extending from a poly-
mer of a photosensitive material are approximately 55%
ALG, such as AL.G 400 described below with reference to
FIG. 4. In an embodiment, the groups or branches extending

from a polymer of a photosensitive material are approxi-
mately 60% ALG, such as ALG 400 described below with

reference to FIG. 4. In an embodiment, the photosensitive
layer 106 includes the polymer 700, described below with

reference to FI1G. 7.

The increase inthe AL G may increase the contrast between
exposed and non exposed regions of the photosensitive mate-
rial. This can allow for optical contrast improvement. Addi-
tionally or alternatively, the higher ALG percentage in the
photosensitive material allows for greater hydrophobicity
and/or icrease of the negative tone developer or non polar
solvent developer dissolution rate of the material. The subse-
quent leaving of the ALG (e.g., as described below) provides
for the polymer of the photosensitive material to have an
increased hydrophilic-nature (e.g., as carboxylic acid
remains upon the leaving of the ALG). Thus, the portions of
the photosensitive material where the ALG leaves are more
resistant to non polar solvent (e.g., negative tone developer
solvent). Therefore, the contrast between soluble/non-soluble
regions ol the photosensitive material may be improved.
Thus, 1n an embodiment, the AL G percentage provided in the
polymer of the photosensitive material may provide for
improved chemistry and improved developer contrast, for a
negative tone developer.

The method 300 then proceeds to step 304 where the sub-
strate 1s wrradiated. The method may use various and/or vary-
ing wavelengths of radiation to expose the energy-sensitive
photosensitive layer, described above with reference to step
302. Lithography processes imnclude immersion lithography,
photolithography, optical lithography and/or other patterning
methods which may transfer a pattern onto the photosensitive
layer. In an embodiment, the substrate 1s wrradiated using
ultraviolet (UV) radiation or extreme ultraviolet (EUV ) radia-
tion. The radiation beam may additionally or alternatively
include other radiation beams such as i1on beam, x-ray,
extreme ultraviolet, deep ultraviolet, and other proper radia-
tion energy. Exemplary radiation includes a 248 nm beam
from a krypton fluoride (KrF) excimer laser, a 193 nm beam
from an argon fluoride (ArF) excimer laser, and/or other
suitable wavelength radiations. In an example, the photosen-
sitive layer includes photo-acid generator (PAG) that gener-
ates acid during the exposure process thus changing the solu-
bility of the exposed/non-exposed material.

The method 300 then proceeds to step 306 where a post-
exposure bake (PEB) process 1s performed. During the bak-
ing process, the photosensitive layer 1s provided at an elevated
temperature. This may allow more acid to be generated from
the photo-generated acids through a chemical amplification
pProcess.

The method 300 then proceeds to step 308 where a treat-
ment 1s performed on the exposed photosensitive layer. In
embodiments of the method 300, step 308 1s omitted. The
treatment may be applied to assist the leaving of a lactone or
a polarity switch group, such as described with reference to
FIG. 6.

In an embodiment, the treatment 1s a liquid-phase treat-
ment. For example, in an embodiment, the treatment 1s a
liquid dilute base treatment. In an embodiment, treatment 1s a
vapor-phase treatment. For example, in an embodiment, the
treatment 1s a water solution or base water vapor treatment.
The treatment may include introducing a chemical solution (it
1s noted that the term solution as used herein includes but 1s
not limited to homogeneous mixtures) that has a pH value of
greater than approximately 5. In an embodiment, the chemi-
cal solution has a pH value of approximately 8. In an embodi-
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ment, the treatment solution includes at least one of carboxy-
lic acid water, base water liquid, base water vapor, NH, water,

or dilute TMAH water.

In an embodiment, the treatment 1s provided after the PEB
process, such as described above with reference to step 306.
An additional baking process may be provided after the treat-
ment. The additional baking process may provide to evapo-

rate the treatment liquid or vapor.

The treatment may increase the hydrophobic nature of the
photosensitive material, for example, 1n the non-exposed
regions of the photosensitive layer. The treatment may
increase the hydrophilic nature of the photosensitive material,
for example, 1n the exposed regions of the photosensitive
layer. For example, the region having been switched by the
irradiation to be more 1onic may have an increased hydro-
philic property. The treatment may provide for the opening of
a lactone unit(s) of the polymer of the photosensitive material
(e.g. opeming of the lactone allowing for increased hydro-
philic properties). See the description of FIG. 8 below.

The method 300 then proceeds to step 310 where the
exposed photosensitive layer 1s developed. The developing
may form a patterned photosensitive layer. During the devel-
oping process, a developing solution 1s applied to the photo-
sensitive layer. In one embodiment, the photosensitive mate-
rial that was not exposed to the radiation of step 308 1s
removed by the developing solution. The developing solution
may be a negative tone developer (e.g., suitable for develop-
ing negative tone photoresist). A negative tone developer
indicates a developer that selectively dissolves and removes
the non-1rradiated regions of a photosensitive layer. The nega-
tive tone developer may include an organic solvent or other
solvent now known or later developed. For example, the
negative tone developer may include an organic solvent such
as, MAK solvent (Eastman Chemicals) or n-butyl acetate or
NBA.

The method 300 may proceed to rinsing, drying, and/or
other suitable processes. The patterned photosensitive layer
may be used as a masking element 1n performing one or more
processes on underlying layers such as etching, 1on implan-
tation, deposition, and/or other suitable processes including,
those typical of a CMOS-compatible process.

Referring now to FIGS. 4, 5, and 6 1llustrated are various
units (or groups or branches) which may be provided attached
to (linked to) a polymer unit of a photosensitive material.
FIGS. 4, 5, and 6 may illustrate the units or branches prior to
exposure, bake, and/or development processes. FI1G. 4 1llus-
trates an acid labile group (ALG) 400. FIG. 5 1llustrates an
adhesion promoter unit 500. FIG. 6 1llustrates a lactone unit
600. Each unit 400, 500, and 600 are attached to a monomer
unit 402 of a polymer. The polymer consisting of the mono-
mer units 402 may be substantially similar to the polymer 700
described below with reference to FIG. 7.

The ALG 400 may provide hydrophobic properties. After
exposure to radiation, the ALG 400 may leave the polymer of
the photosensitive material. This “leaving™ may be assisted
by the photo acid activated in the PEB step. The leaving of the
ALG unit may make the polymer more hydrophilic 1 the
region(s) exposed to 1rradiation than those region(s) of non-
exposure. The lactone unit 600 may also provide hydrophilic
properties. The adhesion promoter unit 500 may increase
adhesion to an adjacent layer.

Referring now to FIG. 7, illustrated 1s a photosensitive
material 700. The photosensitive material 700 may be used as
the photosensitive layer 106, described above with reference
to FIG. 1, and/or the photosensitive layer described above
with reference to step 302 of the method 300, described in
FIG. 3. The photosensitive material 700 includes branches or
units linked to a polymer backbone 702 that include an ALG
400, an adhesion promoter group 500, and a lactone group
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600, described above with reference to FIGS. 4, 5, and 6,
respectively. The photosensitive material may be a negative
tone photoresist.

In an embodiment, the photosensitive material 700 may
include approximately 50% or greater ALG, suchas ALG 400
linked to a polymer backbone chain 702. For example, of the
units linked to the polymer, 50% or greater are ALG. In an
embodiment, the photosensitive material 700 may include
approximately 55% ALG, such as ALG 400 linked to the
polymer backbone chain 702. In an embodiment, the photo-
sensitive material 700 may include approximately 60% ALG,
such as ALG 400 linked to the polymer backbone chain 702.
In an embodiment, the photosensitive material 700 may
include approximately 0-10% adhesion promoter, such as
adhesion promoter 500, linked to the polymer backbone chain
702. In an embodiment, the photosensitive material 700 may
include approximately 30% to approximately 70% lactone
unit, such as lactone unit 600, linked to the polymer backbone
chain 702.

Referring now to FIG. 8, illustrates 1t the photosensitive
material 800. The photosensitive material 800 provides the
photosensitive material 700, 1llustrated 1n FIG. 7, after expo-
sure (and/or PEB process). The photosensitive material 800
has a higher relative hydrophilic-nature as compared to the
photosensitive material 700. Thus, the photosensitive mate-
rial 700 of FIG. 7 has a higher dissolution rate in negative tone
developer; the photosensitive material 800 of FIG. 8 (after
exposure) has a lower dissolution rate in a negative tone
developer.

As 1llustrated in FIG. 8, after exposure, the ALG 400 has
lett (or cleaved) from the polymer backbone chain 702 1llus-
trated by carboxylic acid 804. The carboxylic acid 804 1s
highly hydrophilic 1n nature, thus increasing the hydrophilic-
nature of the material 800. Thus, the branch 804 provides
resistance to negative tone developer solution. The adhesion
promoter 500 remains linked to the polymer backbone chain
702. The lactone group 600 has opened to font), hydrophilic
branch 802 aifter contact to base liquid or chemical. Thus, the
hydrophilic branch 802 also provides resistance to negative
tone developer solution. In an embodiment, the photosensi-
tive material 800 1s 1llustrative of the exposed (or 1rradiated)
portions of the photosensitive layer 106, described above with
reference to FIG. 1 and the features 202, described above with
reference to FIG. 2. In an embodiment, the photosensitive
material 700, of FIG. 7, 1s illustrative of the non-irradiated
portions of the photosensitive layer 106, described above with
reference to FIG. 1.

In summary, the methods and devices disclosed herein
provide matenals and methods for photolithography pro-
cesses. In doing so, embodiments of the present disclosure
offer several advantages over prior art devices. Advantages of
the present disclosure include improved contrast between the
solubility of 1rradiated and non-irradiated regions of a nega-
tive tone (or type) photoresist to a negative tone developer.
For example, additional contrast can be obtained by increas-
ing the acid labile group concentration. As another example,
additional contrast can be provided by increasing the polarity
ol the exposed resist by performing an additional treatment
(e.g., vapor or liquid phase base). It 1 IS understood that differ-
ent embodiments disclosed herein offer different disclosure,
and that they may make various changes, substitutions and
alterations herein without departing from the spirit and scope
ol the present disclosure.

Thus, 1n one embodiment described herein a pattern form-

ing method 1s provided that includes applying a photosensi-
tive material to a substrate. The photosensitive material 1s
exposed to a radiation beam (e.g., patterned). The photosen-
sitive material, after exposure or irradiation, 1s treated. Exem-
plary treatments include applying a base to the photosensitive
material. For example, a liquid having a pH greater than
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approximately 3 or a vapor having a pH greater than approxi-
mately 3 may be applied. The photosensitive material 1s then
developed. The development may include using a negative
tone developer (solvent). The photosensitive material may be
a negative tone resist, thus having a solubility that decreases
in negative tone developer upon irradiation.

In an embodiment, the treatment 1s performed after a post-
exposure bake (PEB) process. The treatment may provide for

increased hydrophobicity of non-exposed regions of the pho-
tosensitive material. Thus increase the non polar solvent (e.g.,
negative tone developer) dissolution rate. An additional bake
process (e.g., 1n addition to the soit back and PEB) may be
applied after the treating.

In an embodiment, the photosensitive material solubility in
negative tone developer decreases upon 1rradiation and
includes greater than 50% acid labile group (ALG) (see FIG.
7).

In another embodiment, a pattern forming method 1s
described which includes applying a negative tone photosen-
sitive material to a substrate (e.g., the photosensitive material
1s soluble 1n negative tone developer decreases upon 1rradia-
tion). The photosensitive material includes greater than
approximately 50% acid labile groups as 1ts branch units. The
photosensitive material 1s then exposed to a radiation beam
and developed using negative tone developer.

In an embodiment, a treatment (e.g., introduction of a base)
1s performed on the photosensitive material that includes
greater than 50% acid labile groups after PEB and prior to
applying a negative tone developer.

In another embodiment, a photosensitive material 1s
described. The photosensitive material may be a negative tone
photoresist. The photosensitive material includes a polymer
having a greater than 50% acid labile group units linked to a
backbone chain; a photo-acid generator; and a solvent. The
polymer may further include an adhesion promotion group
linked to the backbone chain. The polymer may further
include a lactone group linked to the backbone chain.

What 1s claimed 1s:

1. A pattern forming method, comprising:

applying a photosensitive material to a substrate, wherein
the photosensitive material solubility in negative tone
developer decreases upon irradiation and wherein the
photosensitive material includes:

a polymer backbone chain wherein greater than approxi-
mately 50% of the groups linked to the polymer back-
bone chain are acid labile groups, wherein each of the
acid labile groups have the structure:

N

A

the polymer backbone chain further comprising a plu-
rality of lactone groups linked to the polymer back-
bone chain;
exposing the photosensitive material to a patterned radia-
tion beam;
performing a post exposure bake (PEB) process aiter the
exposing the photosensitive material;
after the PEB, treating the photosensitive material with a
base chemical, wherein the treating causes an opening of
cach of the plurality of lactone units from the polymer
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backbone chain to form a respective hydrophilic branch
linked to the polymer backbone after contact with the
base chemical; and

alter the treating, applying a developer for developing the

photosensitive material, wherein a negative tone devel-
oper 1s applied to the photosensitive material having the
opened plurality of lactone unaits.

2. The method of claim 1, wherein the treating provides the
base chemical 1n a liquid form.

3. The method of claim 1, wherein the treating provides for
decreased hydrophobicity of exposed regions of the photo-
sensitive materal.

4. The method of claim 1, wherein the base chemical has a
pH value of approximately 8.

5. The method of claim 1, wherein the plurality of lactone
groups each have the structure:

N

A

O

6. A pattern forming method, comprising:

applying a negative-tone photosensitive material to a sub-
strate wherein the photosensitive material includes a
polymer backbone chain having greater than approxi-
mately 50% of the groups linked to the polymer back-
bone chain being acid labile groups, wherein each of the
acid labile groups have the structure:

N

A

and wherein the photosensitive material also has lactone
groups linked to the polymer backbone chain;

selectively exposing the photosensitive material to a radia-
tion beam;
baking the substrate having the exposed photosensitive
material, wherein the baking 1s post-exposure bake pro-
cess that generates acid through a chemical amplifica-
tion process in the exposed photosensitive material,
wherein the acid labile groups leave from the polymer
backbone chain during the exposing or baking;

treating the exposed photosensitive material after the post-
exposure bake process, wherein the treating includes
applying a liquid base to the photosensitive material and
the treating opens the lactone groups linked to the poly-
mer backbone chain to provide hydrophilic branch
linked to the polymer backbone chain; and

applying a negative tone developer to the photosensitive

material after the treating of the photosensitive maternial,
wherein the negative tone developer removes regions of
the treated photosensitive layer not exposed to the radia-
tion beam.

7. The pattern forming method of claim 6, wherein the
photosensitive material solubility in a negative tone devel-
oper decreases upon irradiation.

8. The pattern forming method of claim 6, wherein the
treating provides for decreased hydrophobicity of exposed
regions of the photosensitive material.
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9. The pattern forming method of claim 6, wherein the
treating includes providing the liquid having a pH of approxi-
mately 8.

10. The pattern forming method of claim 6, performing a
second bake process after the treating.

11. A method of lithography using a photosensitive mate-
rial, comprising;:

depositing the photosensitive material on a semiconductor

substrate, wherein the photosensitive material includes:

a polymer having a backbone chain and wherein greater
than 50% of the groups linked to the backbone chain
are acid labile group units having the structure:

N

A
I

10

and wherein lactone groups are also linked to the
backbone chain;
a photo-acid generator; and
a solvent; and
5 selectively exposing the deposited photosensitive material
to radiation, after the selective exposure, performing a
post-exposure bake (PEB) process on the deposited pho-
tosensitive material;
applying a chemical treatment on the photosensitive mate-

rial including applying a base chemical including

v TMAH and water to the exposed photosensitive material
after the PEB process, wherein the chemical treatment
causes an opening of the lactone units on the backbone
chain: and

15 after the treatment, developing the photosensitive material

to form a patterned photosensitive layer on the semicon-
ductor substrate.
12. The method of claim 11, wherein the photosensitive
material 1s a negative tone photoresist.
13. The method of claim 11, further comprising: perform-
ing a second bake process after applying the chemical treat-
ment and before the developing.
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